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(54) Apparatus and method for matching fingerprint 

(57) After thinning a fingerprint image by a conven- 
tional method, a feature point is detected. The feature 
point is assigned an ID, and information about each fea- 
ture point is stored. The information about a target fea- 
ture point (ID7) indicates the positions of ridges 
containing vicinal feature points (IDS, ID6, ID8, ID9, 
ID10) in addition to the position, type, and direction of 
the target feature point (ID7) itself. Then, the information 
about the target feature point is checked in a matching 
process, and each vicinal feature point is also checked 
in a matching process for a feature point contained in a 
ridge matching in position the ridge of the target feature 
point. When the target feature point and the vicinal fea- 
ture point match each other in position and direction, 
and are different from each other in type only, the mark 
is reduced to a value indicating a matching level. Then, 
a matching result of the vicinal feature points is obtained 
as a matching mark, and it is determined whether or not 
the target feature point matches by determining whether 
or not the matching mark is equal to or larger than a 
threshold. 
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Description 

[0001] The present invention relates to an appara- 
tus and a method for matching a fingerprint. 
[0002] Recently, computers have been installed in 
various systems with identification equipment attracting 
much attention. Conventionally, an ID card or a pass- 
word have been used as an authentication measure. 
However, they have many problems in security. 
[0003] As an authentication measure more reliable 
than a password, a personal matching technique using 
biometric information has attracted much attention. 
When a user can be checked using biometric informa- 
tion unique to the user, the check result is very reliable. 
[0004] One type of biometric information available 
in authenticating a user is a fingerprint. A fingerprint is 
said to have two features, that is, 'uniqueness' and 
'invariability 1 , and in view of these desirable properties, 
considerable research and development have been per- 
formed on a personal matching system using finger- 
prints. 

[0005] The biometric information to be used in 
authenticating a user can be a fingerprint, a voiceprint, 
an iris, a vein network on the retina, a signature, etc. 
They can be measured by various sensors such as a 
CCD camera, etc., and converted into electronic infor- 
mation such as an image, etc. Then, various information 
processes are performed on the biometric information 
obtained by a sensor, and the information for identifying 
a user is extracted from biometric information. A user 
can be authenticated by matching the biometric key 
information with preliminarily registered biometric key 
information about each user. 

[0006] A fingerprint can be considered as practical 
biometric information. 

[0007] The surface of a persons finger is not 
smooth. Raised lines are called ridges. Ridges form var- 
ious patterns unique to a person. Ridges have bifurca- 
tion points and ending points. Since each person has 
his or her own distribution of bifurcation points and end- 
ing points, these points are referred to as feature points 
of a fingerprint . The distribution of feature points is 
used as an important measure for specifying a person. 
When a fingerprint matching process is performed, the 
position, type, direction of these feature points are 
checked to determine whether or not a fingerprint 
matches a reference fingerprint. 

[0008] The conventional fingerprint matching proc- 
ess has been performed by checking the length of 
ridges between feature points (refer to, for example, the 
Japanese Laid-Open Patent Publication No.11- 
195119). However, it is not sufficient in some cases to 
check only the lengths of ridges. Thus, there is a need 
to improve the performance of the fingerprint matching 
process. In the existing method, the data of the lengths 
of ridges is stored as a part of fingerprint data, but it is 
hard to store this data efficiently. In other words, such 
fingerprint data tends to be large in size. 



[0009] The present invention aims at providing a 
high-reliabiiity fingerprint matching apparatus and 
method. 

[0010] The apparatus according to the first aspect 

5 of the present invention is an apparatus for comparing 
an obtained first fingerprint with a preliminarily regis- 
tered second fingerprint, and determining whether or 
not they match each other. The apparatus includes: a 
ridge relation obtaining unit for obtaining the relation of 

io the ridge containing a vicinal feature point near the fea- 
ture point to be checked in a matching process per- 
formed on the first and the second fingerprints to the 
ridge containing the feature point to be checked in the 
matching process; and a matching unit for performing 

15 the matching process by searching the second finger- 
print containing the vicinal feature point near the feature 
point to be checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature point to 
the ridge containing the feature point in the first feature 

20 point to be checked in the matching process. 

[0011] The apparatus according to the second 
aspect of the present invention is an apparatus for com- 
paring an obtained first fingerprint with a preliminarily 
registered second fingerprint, and determining whether 

25 or not they match each other. The apparatus includes: a 
virtual feature point generation unit for generating a vir- 
tual feature point by referring to the first and the second 
feature points; a ridge relation obtaining unit for obtain- 
ing the relation of the ridge containing a virtual vicinal 

30 feature point near the feature point to be checked in a 
matching process performed on the first and the second 
fingerprints to the ridge containing the feature point to 
be checked in the matching process; and a matching 
unit for performing the matching process by searching 

35 the second fingerprint containing the virtual vicinal fea- 
ture point near the feature point to be checked in the 
matching process for the relation of the ridge containing 
the virtual vicinal feature point to the ridge containing 
the feature point in the first feature point to be checked 

40 in the matching process. 

[0012] The apparatus according to the third aspect 
of the present invention is an apparatus for comparing 
an obtained first fingerprint with a preliminarily regis- 
tered second fingerprint, and determining whether or 

45 not they match each other. The apparatus includes: a 
virtual feature point generation unit for generating a vir- 
tual feature point by referring to the first and the second 
feature points; a ridge relation obtaining unit for obtain- 
ing the relations of the ridge containing a vicinal feature 

so point near the feature point, and the ridge containing a 
virtual vicinal point to be checked in a matching process 
performed on the first and the second fingerprints to the 
ridge containing the feature point to be checked in the 
matching process; and a matching unit for performing 

55 the matching process by searching the second finger- 
print containing the vicinal feature point near the feature 
point to be checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature point to 
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the ridge containing the feature point in the first feature 
point to be checked in the matching process, and for 
performing the matching process by searching the sec- 
ond fingerprint containing the virtual vicinal feature point 
near the feature point to be checked in the matching 5 
process for the relation of the ridge containing the vir- 
tual vicinal feature point to the ridge containing the fea- 
ture point in the first feature point to be checked in the 
matching process, thereby determining whether or not 
the feature point to be checked is matching. 
[0013] The method according to the first aspect of 
the present invention is a method for comparing an 
obtained first fingerprint with a preliminarily registered 
second fingerprint, and determining whether or not they 
match each other. The method includes the steps of: (a) 
obtaining the relation of the ridge containing a vicinal 
feature point near the feature point to be checked in a 
matching process performed on the first and the second 
fingerprints to the ridge containing the feature point to 
be checked in the matching process; and (b) performing 
the matching process by searching the second finger- 
print containing the vicinal feature point near the feature 
point to be checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature point to 
the ridge containing the feature point in the first feature 
point to be checked in the matching process. 
[0014] The method according to the second aspect 
of the present invention is a method for comparing an 
obtained first fingerprint with a preliminarily registered 
second fingerprint, and determining whether or not they 
match each other. The method includes the steps of: (a) 
generating a virtual feature point by referring to the first 
and the second feature points; (b) obtaining the relation 
of the ridge containing a virtual vicinal feature point near 
the feature point to be checked in a matching process 
performed on the first and the second fingerprints to the 
ridge containing the feature point to be checked in the 
matching process; and (c) performing the matching 
process by searching the second fingerprint containing 
the virtual vicinal feature point near the feature point to 
be checked in the matching process for the relation of 
the ridge containing the virtual vicinal feature point to 
the ridge containing the feature point in the first feature 
point to be checked in the matching process. 
[0015] The method according to the third aspect of 
the present invention is a method for comparing an 
obtained first fingerprint with a preliminarily registered 
second fingerprint, and determining whether or not they 
match each other. The method includes: (a) generating 
a virtual feature point by referring to the first and the 
second feature points; (b) obtaining the relations of the 
ridge containing a vicinal feature point near the feature 
point, and the ridge containing a virtual vicinal point to 
be checked in a matching process performed on the first 
and the second fingerprints to the ridge containing the 
feature point to be checked in the matching process; 
and (c) performing the matching process by searching 
the second fingerprint containing the vicinal feature 



point near the feature point to be checked in the match- 
ing process for the relation of the ridge containing the 
vicinal feature point to the ridge containing the feature 
point in the first feature point to be checked in the 
matching process, and performing the matching proc- 
ess by searching the second fingerprint containing the 
virtual vicinal feature point near the feature point to be 
checked in the matching process for the relation of the 
ridge containing the virtual vicinal feature point to the 
ridge containing the feature point in the first feature 
point to be checked in the matching process, thereby 
determining whether or not the feature point to be 
checked is matching. 

[0016] According to the present invention, a match- 
ing process is performed on a vicinal feature point near 
the feature point to be checked including the relation of 
the ridge containing the feature point to be checked. 
Therefore, fingerprints can be compared with high pre- 
cision, which cannot be attained in a matching process 
performed only by comparing the position, the direction, 
and the type of the vicinal feature point with those of the 
feature point to be checked. 

[0017] In addition, by generating a virtual feature 
point for comparison with the feature point to be 
checked, a matching process can be performed with the 
ridge containing a vicinal feature point near an actual 
feature point considered even if the actual feature point 
may be changed due to the pressure of a fingerprint or 
sweat. Therefore, the matching process can be per- 
formed with a smaller influence of a change in a feature 
point of a fingerprint. 

[0018] Furthermore, the fingerprint matching proc- 
ess can be performed with a smaller influence of the 
distortion, defect, touching ridges, split, etc. of a finger- 
print by a combination use of the relation of a ridge con- 
taining a feature point to be checked and a virtual 
feature point. 

[0019] Reference is made, by way of example only, 
to the accompanying drawings in which:- 

FIG. 1 shows the definition of the direction of a fea- 
ture point; 

FIG. 2 shows the matching method (1) according to 
the first embodiment of the target feature point 
according to the present invention; 
FIG. 3 shows the matching method (2) according to 
the first embodiment of the target feature point 
according to the present invention; 
FIG. 4 shows the data structure according to the 
first embodiment of the present invention; 
FIG. 5 is a flowchart (1) of the process according to 
the first embodiment of the present invention; 
FIG. 6 is a flowchart (2) of the process according to 
the first embodiment of the present invention; 
FIG. 7 is a flowchart (3) of the process according to 
the first embodiment of the present invention; 
FIG. 8 is a flowchart (4) of the process according to 
the first embodiment of the present invention; 
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FIG. 9 shows the second embodiment (1) of the 
feature point matching method according to the 
present invention; 

FIG. 10 shows the second embodiment (2) of the 
feature point matching method according to the 
present invention; 

FIG. 11 is a block diagram of the functions of the 
apparatus for realizing the first and second embod- 
iments of the fingerprint matching method; 
FIG. 12 is a flowchart of the procedure of operating 
the apparatus shown in FIG. 11; 
FIG. 13 shows an example (1) of a virtual feature 
point (projected feature point); 
FIG. 14 shows an example (2) of a virtual feature 
point (projected feature point); 
FIG. 1 5 shows an example of the type of data struc- 
ture; 

FIG. 16 shows the fourth embodiment of the 
present invention in which the type of a feature 
point has been changed; 

FIG. 1 7 shows another example of a change in type 
of feature point; 

FIG. 18 shows an example of a data structure; 
FIG. 19 shows a change in type of target feature 
point; 

FIG. 20 is a flowchart (1) of the process according 
to the fourth and fifth embodiments of the present 
invention; 

FIG. 21 is a flowchart (2) of the process according 
to the fourth and fifth embodiments of the present 
invention; 

FIG. 22 is a flowchart (3) of the process according 
to the fourth and fifth embodiments of the present 
invention; 

FIG. 23 is a flowchart (4) of the process according 
to the fourth and fifth embodiments of the present 
invention; 

FIG. 24 is a flowchart (5) of the process according 
to the fourth and fifth embodiments of the present 
invention; 

FIG. 25 shows a chain matching process (1); 
FIG. 26 shows a chain matching process (2); 
FIG. 27 is a flowchart of the process for checking 
whether or not fingerprints match each other as a 
pattern; 

FIG. 28 shows the seventh embodiment of the 
present invention; 

FIG. 29 is a block diagram of the functions of the 
apparatus for realizing the third through the seventh 
embodiments of the present invention; 
FIG. 30 is a flowchart of the procedure of the oper- 
ation of the apparatus shown in FIG. 29; and 
FIG. 31 shows an example of the configuration of 
the hardware required when the embodiments of 
the present invention are realized using a program. 

[0020] According to the embodiments of the 
present invention, a matching process is performed on 



the ridges in the vicinity of the feature point to be 
checked by referring to the information about the con- 
nection of ridges between one feature point to be 
checked and another feature point, and the feature point 
5 information about feature points related by the connec- 
tion of ridges. 

[0021] Furthermore, according to the embodiments 
of the present invention, when a feature point has the 
information about another related feature point, the 

io information about another feature point is managed 
using an identifier assigned to each feature point 
[0022] According to the embodiments of the 
present invention, when a feature point is checked in a 
matching process, the feature information about a vid- 

15 nal feature point is referred to. Therefore, the feature 
point can be checked in the matching process with high 
precision. Furthermore, since it is determined whether 
the type of vicinal feature point refers to an ending point 
or a bifurcation point, a matching process can be per- 

20 formed with high precision when a change from an end- 
ing point to a bifurcation point has occurred, or when a 
change from a bifurcation point to an ending point has 
occurred. As a result, the performance of a matching 
process can be largely improved. 

25 [0023] In addition, since the feature point informa- 
tion is managed using the identifier of a feature point, 
plural pieces of data do not coexist, and fingerprint data 
can be efficiently represented, thereby reducing the 
amount of fingerprint data. 

30 [0024] There are ending points and bifurcation 
points in a ridge of a fingerprint The distribution of end- 
ing points and bifurcation points differs for each person. 
Therefore, it can normally be determined whether or not 
two fingerprints match each other by comparing the dis- 

35 tributions of ending points and bifurcation points 
between the two fingerprints. For example, when two 
fingerprints are compared, all feature points contained 
in each fingerprint are extracted, and each feature point 
is sequentially compared with a corresponding feature 

40 point The feature points are compared with each other 
in position, type (ending point or bifurcation point), 
direction, etc. If they match in a predetermined range, it 
is determined that the corresponding feature points 
match each other. When two fingerprints are compared, 

45 it can be determined that the two fingerprints match 
each other if the ratio of the number of matching feature 
points to the total number of feature points exceed a 
predetermined value. 

[0025] Conventionally, feature points are compared 
so in position, type, and direction. However, the conven- 
tional method cannot attain sufficient matching perform- 
ance, thereby requiring a further, stricter matching 
condition. For example, there is a method of comparing 
the numbers of ridge lines, the ridge lengths between 
55 feature points, etc. 

[0026] According to the embodiments of the 
present invention, the information about ridges is used 
in the matching process in addition to the position, type, 
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and direction of a feature point. Defined below as an 
example is the direction of a feature point. 
[0027] FIG. 1 shows the definition of the direction of 
a feature point. 

[0028] The direction of a feature point is defined by 
detecting the direction of a ridge contained in the image 
of a fingerprint to be detected. 

[0029] An example of a method for detecting the 
direction of a ridge can be a method of detecting the 
direction of a ridge in a Hough transform from a thin line 
image of a fingerprint obtained by thinning an input 
image of the fingerprint Refer to the Image Analysis 
Handbook (from Tokyo University Publication) for a 
Hough transform on page 572 through 573. The method 
for detecting the direction of a ridge includes the follow- 
ing steps. 

1) generating a thin line image of a fingerprint from 
an obtained image of the fingerprint. 

2) dividing a thin line image of a fingerprint into 
block areas of a size of the width of several thin 
lines. 

3) performing a Hough transform on each block 
area of a thin line image of a ridge, and extracting a 
linear component to obtain the local direction of the 
ridge of the block from the extracted linear compo- 
nent. 

4) obtaining the global direction of the ridge by aver- 
aging the directions of the ridges of a target block 
and a vicinal block (nearby block). 

[0030] Thus, the direction of a ridge is first detected. 
Then, the direction of a feature point is set to be parallel 
to the direction of the ridge detected above regardless 
of an ending point and a bifurcation point. When a fea- 
ture point is an ending point as indicated by 1 shown in 
FIG. 1 , the direction of a ridge is defined as the direction 
of the feature point (ending point). When a feature point 
is a bifurcation point as indicated by 2 shown in FIG. 1, 
the direction of a larger number of ridges is defined as 
the direction of the feature point (bifurcation point). 
[0031 ] FIG. 2 shows the first embodiment of the fea- 
ture point matching method according to the present 
invention. 

[0032] The feature point enclosed by a circle in the 
center shown in FIG. 2 is a feature point to be checked 
in a matching process, and is hereinafter referred to as 
a target feature point. The feature point enclosed by a 
square is located near the target feature point, and is 
hereinafter referred to as a vicinal feature point The 
ridge connected to the target feature point is referred to 
as the 0-th ridge, and the ridges n away from the 0-th 
ridge are the n-th ridge and the -n-th ridge (n is a natural 
number, a sign indicates specified directions. In FIG. 2, 
the upward direction is set as the positive direction). 
[0033] A target feature point has the information 
about a vicinal feature point connected to the m-th ridge 
(m is an integer). A matching process of the target fea- 



ture point is performed by determining whether the vici- 
nal feature points match. Since a matching process of 
the target feature point is performed by matching the 
vicinal feature points, the ridge structure in the vicinity of 

5 the target feature point is also checked in the matching 
process. Hereinafter, the feature point connected to the 
m-th ridge is referred to as the m-th primary related fea- 
ture point. A combination of the m-th ridge and the m-th 
primary related feature point is hereinafter referred to as 

io relation information. 

[0034] The words 'matching' and 'coincident' 
appear in the following descriptions. They refer to 
"matching" in a predetermined range. 
[0035] FIGS. 2 and 3 show the method of perform- 

15 ing the matching process according to the first embodi- 
ment of the present invention. 

[0036] Assume that FIG. 2 shows a preliminarily 
registered fingerprint, and FIG. 3 shows a fingerprint to 
be checked in the matching process. 

20 [0037] First, according to the present embodiment, 
the feature point of an input fingerprint matching each 
feature point of a registered fingerprint is searched for in 
probable combinations of feature points. Among the 
probable combinations, the combination marking the 

25 highest point is assumed to be the matching feature 
points. This process is performed conventionally. 
According to the present embodiment, the following 
method is furthermore adopted. Also in the embodi- 
ments described later, it is assumed that the conven- 

30 tional matching feature point searching process is 
adopted. However, the present invention is not limited to 
the combination of a present method with the conven- 
tional matching feature point searching method. 
[0038] In the feature point matching method 

35 according to the present embodiment, the feature point 
information about the m-th primary related feature point 
is assigned to each feature point. For example, FIG. 4 
shows the data structure containing feature point infor- 
mation. In FIG. 2, the data corresponding to the target 

40 feature point ID 1 1 contains the information about the 
following feature points ID 9 through ID 13. 

position of feature point 

type of feature point (terminal point or bifurcation 
45 point) 

direction of feature point 

[0039] The 0-th ridge is connected to the feature 
point ID 10. 

so [0040] The first ridge is connected to the feature 
point ID 9. 

[0041 ] The second ridge is connected to the feature 
point ID 9. 

[0042] The minus first ridge is connected to the fea- 
55 ture point ID 12. 

[0043] The minus second ridge is connected to the 
feature point ID 13. 

[0044] Thus, the data of one feature point contains 
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the information about the ridges connected to the fea- 
ture point in addition to the information about the feature 
point itself. In addition, each feature point is managed 
by an identifier. If the information about, for example, the 
feature points ID 9 and ID 10 is required when the fea- 
ture point ID 11 is checked, then data is retrieved using 
the ID 9 and the ID 10 as keys, and the entries of the 
feature points ID 9 and ID 1 0 are searched for. From the 
retrieved data, the information about the position, type, 
method, etc. of the feature points ID 9 and ID 10 is 
extracted. For example, the information can be as fol- 
lows. 

[0045] The feature point ID 9 is a bifurcation point 
(type) having the coordinate (100, 150), and is headed 
right. 

[0046] The feature point ID 1 0 is a bifurcation point 
(type) having the coordinate (90, 160), and is headed 
left. 

[0047] Similarly, the data corresponding to the tar- 
get feature point shown in FIG. 3 contains the informa- 
tion about the feature points ID 1 through ID 5, and the 
feature point information about them:- 

pos'rtion of feature point 
type of feature point 
direction of feature point 

[0048] The 0-th ridge is connected to the feature 
point ID 2. 

[0049] The first ridge is connected to the feature 
point ID 1. 

[0050] The second ridge is connected to the feature 
point ID 1. 

[0051 ] The minus first ridge is connected to the fea- 
ture point ID 4. 

[0052] The minus second ridge is connected to the 
feature point ID 5. 

[0053] The target feature point shown in FIG. 2 and 
the target feature point shown in FIG. 3 are matched as 
follows. 

[0054] First, the 0-th primary related feature points 
are matched. That is, if other feature points (ID 10 
shown in FIG. 2 and ID 2 shown in FIG. 3) connected to 
the 0-th ridges match each other, the relation between 
the target feature points shown in FIGS. 2 and 3 is 
defined as 'matching'. 

[0055] The feature point ID 10 shown in FIG. 2 and 
the feature point ID 2 shown in FIG. 3 can be matched 
in the conventional matching method. For example, if 
they match each other in position, type, and direction in 
the range of a predetermined value, then they are 
assumed to be the same feature points. 
[0056] Similarly, the matching process is performed 
on the first, second, minus first, and minus second 
ridges. The n-th ridges for the target feature points 
shown in FIGS. 2 and 3 are matched as follows. 
[0057] The ridge structures of the second ridges 
match. (The ID 9 shown in FIG. 2 is the same feature 



point as the ID 1 shown in FIG. 3.) 
[0058] The ridge structures of the first ridges match. 
(The ID 9 shown in FIG. 2 is the same feature point as 
the ID 1 shown in FIG. 3.) 

s [0059] The ridge structures of the 0-th ridges 
match. (The ID 10 shown in FIG. 2 is the same feature 
point as the ID 2 shown in FIG. 3.) 
[0060] The ridge structures of the minus first ridges 
match. (The ID 12 shown in FIG. 2 is the same feature 

io point as the ID 4 shown in FIG. 3.) 

[0061] The ridge structures of the minus second 
ridges match. (The ID 13 shown in FIG. 2 is the same 
feature point as the ID 5 shown in FIG. 3.) 
[0062] Finally, considering all matching states of the 

15 ridge structures, it is determined whether or not the tar- 
get feature point of the "registered fingerprint matches 
the target feature point of the input fingerprint. 
[0063] The determining method can be, for exam- 
ple, a point marking method. In matching the ridge 

20 structures, the ridges from the minus second ridges to 
the second ridges are matched respectively. If two cor- 
responding ridge structures match each other, one point 
is marked. For example, if a total of 3 or more points are 
marked, then the target feature points are defined as 

25 'matching'. 

[0064] Thus, the relation information about the fea- 
ture points is checked for each feature point. Finally, a 
total number of feature points is counted. If the ratio of 
the number of matching feature points exceeds a prede- 

30 termined value, if the number of matching feature points 
is larger than a predetermined value, or if the total mark 
of all matching feature points exceeds a predetermined 
value in the feature points contained in the fingerprints, 
then it is determined that the fingerprints match each 

35 other. 

[0065] In the above mentioned embodiment, 
although only one n-th (n is a positive number other 
than 0) ridge primary related feature point is selected for 
each ridge, each n-th ridge has feature points at both 

4o ends. Therefore, the relation information about two pri- 
mary related feature points can be recorded. 
[0066] FIG. 2 shows the case containing a target 
feature point as an ending point However, the similar 
matching process is performed on a bifurcation point In 

45 the case of a bifurcation point, there are a total of 3 fea- 
ture points connected to the 0-th ridges. When the 0-th 
ridges are matched, all corresponding feature points 
connected to the 0-th ridges are matched in all combi- 
nations, and the highest mark is defined as the final 

so mark of the feature point. 

[0067] FIGS. 5 and 8 are flowcharts of the process 
according to the first embodiment 
[0068] A subroutine 1 matches the related feature 
points in the D-th ridges of the two feature points to be 

55 matched, and computes a total mark. 

[0069] A subroutine 2 computes a total mark of the 
0-th ridge when a feature point to be checked is a bifur- 
cation point When the feature point is a bifurcation 
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point, there are three 0-th ridges. Therefore, when the 
matching process is performed, there are a total of six 
combinations of the 0-th ridges of the feature points to 
be matched. For example, assuming that the 0-th ridges 
of the registered fingerprint are A, B, and C, and the 0- 
th ridges of the input fingerprint are P, Q, and R, the fol- 
lowing combinations can be obtained. 

(A - P, B - Q, C - R), (A - P, B - R, C - Q) 
(A - Q, B - P, C - R), (A - Q, B - R, C - P) 
(A - R, B - R C - Q), (A - R, B - Q, C - P) 

[0070] The total mark is computed for each combi- 
nation, and the largest value of the computed points is 
defined as the total mark of the 0-th ridge. The subrou- 
tine 2 indicates the computation procedure. 
[0071] In FIG. 5, it is determined in step S1 whether 
or not the feature points A and B, which are target fea- 
ture points, are of the same type. If they are not of the 
same type, control is passed to the flowchart shown in 
FIG. 8. When they are of the same type, control is 
passed to step S2. It is determined in step S2 whether 
the type of the feature points A and B is an ending point. 
In step S3, if the type of the feature points A and B is an 
ending point, then the return values of the subroutine 1 
are added up, the total mark is computed, and control is 
passed to step S6. If it is determined in step S2 that the 
type of the feature points A and B is not an ending point, 
then the return values of the subroutine 1 are added up 
for the ridges other than the 0-th ridges in step S4. The 
mark is computed by the subroutine 2 for the 0-th ridges 
-in step S5, and the result is added to the mark obtained 
in step S4 to obtain the total mark. Then, it is deter- 
mined whether or not the total mark is larger than a 
threshold in step S6. If it is larger than the threshold, 
then it is determined in step S7 that the feature points A 
and B match each other. If the total mark is equal to or 
smaller than the threshold, then it is determined in step 
S8 that the feature points A and B do not match each 
other. 

[0072] FIG. 6 is a flowchart of the process per- 
formed by the subroutine 1 invoked in the process 
shown in FIG. 5. 

[0073] When the subroutine 1 is invoked, the posi- 
tions, types, and directions of the related feature points 
are obtained from the feature point identifiers of the D-th 
related feature points for the feature points A and B in 
step S9. It is determined in step S10 whether or not the 
positions and directions of the related feature points of 
the feature points A and B match each other. If they do 
not match, the mark is set to 0 in step S14. If the deter- 
mination result is YES in step S10, then it is determined 
in step S1 1 whether or not the types of the related fea- 
ture points of the feature points A and B match each 
other. If it is determined in step S1 1 that the types do not 
match, then the mark is set to 0.5 in step S13. If it is 
determined in step S1 1 that the types match each other, 
the mark is set to 1 in step S12. Then, the mark is 



defined as a return value, and control is returned to the 
flowchart shown in FIG. 5 in step S15. 
[0074] The mark is set to 0.5 when the types do not 
match each other because it is considered that the type 

s of a feature point depends on the pressure of the finger 
onto the sensor when a fingerprint is taken for entry and 
when the fingerprint is input for a matching process, 
thereby obtaining a matching result from the fingerprints 
matching in position and direction, and not matching in 

io type by setting 0.5. 

[0075] FIG. 7 is a flowchart of the process per- 
formed by the subroutine 2 invoked in the process 
shown in FIG. 5. 

[0076] In step S16, the combinations (no overlap- 

15 ping) of the 0-th ridges (3 ridges for each feature point) 
(the subroutine 2 is invoked when the feature point is a 
bifurcation point) of the feature points A and B are listed. 
In this example, the combinations of the 0-th ridges are 
referred to as H1 through Hn. Then, in step S1 7, a com- 

20 bination Hi of the 0-th ridges is retrieved. In step S18, 
the mark is computed by the subroutine 1 where D = 0 
as shown in FIG. 6. In step S19, it is determined 
whether or not the computation has been performed on 
all combinations. If the computation has not been per- 

25 formed on all combinations, control is passed to step 
S17, and the process is repeated. If it is determined in 
step S1 9 that the computation has been performed on 
all combinations of the 0-th ridges, then control is 
passed to step S20, and the largest value is defined as 

30 the mark S in the computed marks Si of the plural com- 
binations of the 0-th ridges. Then, in step S21 , control is 
returned with the return value S to the process shown in 
FIG. 5. 

[0077] FIG. 8 is a flowchart of the process per- 
35 formed after a branch in step S1 in the process shown 
in FIG. 5. 

[0078] When it is determined in step S1 shown in 
FIG. 5 that the types of the feature points A and B do not 
match each other, control is passed to step S22 shown 

40 in FIG. 8. In step S22, the positive orders of the related 
feature points on the ending points of the feature points 
A and B are lowered by 1 . This indicates that the ridge 
of each order is affected when a feature point is con- 
verted from an ending point to a bifurcation point, and 

45 from a bifurcation point to an ending point. The detail 
explanation is described later. Then, in step S23, the 
marks S1 for the ridges other than the 0-th ridges are 
computed by the subroutine 1 shown in FIG. 6. Then, in 
step S24, the marks are computed for the 0-th ridges by 

so the subroutine 2 shown in FIG. 7, and the results are 
added to the marks obtained in step S23. In step S25, 
the order of the relation information of the feature points 
A and B are returned to the original values. Then, in 
step S26, the negative orders of the related feature 

55 points of the ending points in the feature points A and B 
are increased by 1 . Then, in step S27, the marks for the 
ridges other than the 0-th ridges are computed by the 
subroutine 1 shown in FIG. 6. Then, in step S28, the 
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marks are computed for the 0-th ridges by the subrou- 
tine 2 shown in FIG. 7, and the results are added to the 
marks computed in step S28 to obtain the total mark S2. 
In step S29, the orders of the relation information about 
the feature points A and B are returned to the original 
values. In step S30, the value of S1 or S2, whichever is 
larger, is set as the mark S, and control is passed to 
step S6 shown in FIG. 5. 

[0079] FIGS. 9 and 10 show the second embodi- 
ment of the feature point matching method according to 
the present invention. 

[0080] FIG. 9 shows a preliminarily registered fin- 
gerprint, and FIG. 10 shows a fingerprint to be checked. 
[0081] According to the second embodiment, the 
data of the number of ridges is added to the first embod- 
iment. Described below is the feature point matching 
method using the data of the number of ridges. 
[0082] As in the first feature point matching method, 
the matching process on the target feature point ID 7 
shown in FIG. 9 is performed using a vicinal feature 
point. When the number of ridges between a target fea- 
ture point and a vicinal feature point is n, the vicinal fea- 
ture point is hereinafter referred to as an n-th vicinal 
feature point (n is an integer equal to or larger than 0). 
[0083] A target feature point has information about 
the n-th vicinal feature point. The target feature point is 
matched with the n-th vicinal feature point to determine 
whether or not they match each other. Since the target 
feature point is matched against the n-th vicinal feature 
point, the matching process on the target feature point 
is to check the ridge structure around the target feature 
point. 

[0084] A target feature point has the information 
about the number of ridges to a vicinal feature point and 
the feature point information about the vicinal feature 
point. For example, in FIG. 9, the target feature point ID 
7 has the following n-th vicinal feature point information. 
[0085] The 0-th vicinal feature points are ID 6 and 
ID 9. 

[0086] The first vicinal feature points are ID 5 and 
ID 8. 

[0087] The second vicinal feature point is ID 10. 
[0088] Together with the above mentioned informa- 
tion, the feature point information about the feature point 
of each identifier is stored. Examples are shown below. 
[0089] The feature point of the ID 9 is a bifurcation 
point (type), has the coordinate (100, 150), and is 
headed right. 

[0090] The feature point of the ID 1 0 is a bifurcation 
point (type), has the coordinate (90, 1 80), and is headed 
down. 

[0091] A target feature point is matched with each 
vicinal feature point. 

[0092] First, the 0-th vicinal feature points are 
checked. The 0-th vicinal feature points are ID 3 and ID 
6 in FIG. 10. Since the registered fingerprint and the 
input fingerprint have respective 0-th vicinal feature 
points, there are several combinations of the 0-th vicinal 



feature points to be checked. Therefore, the matching 
process is performed on all combinations. 
[0093] The combinations are listed below. 

5 1. (matching the feature point ID 6 shown in FIG. 9 

with the feature point ID 3 shown in FIG. 10) and 
(matching the feature point ID 9 shown in FIG. 9 
with the feature point ID 6 shown in FIG. 10) 
2. (matching the feature point ID 6 shown in FIG. 9 

10 with the feature point ID 6 shown in FIG. 10) and 
(matching the feature point ID 9 shown in FIG. 9 
with the feature point ID 3 shown in FIG. 10) 

[0094] The feature point matching process is per- 
15 formed as in the first feature point matching method. 
That is, the feature points are defined as 'matching' if 
they match in position, type, and direction within the 
range of a predetermined value. When a couple of vici- 
nal feature points match each other as in the first match- 
20 ing method, one point is marked. In the combinations 1 
and 2 above, the mark of whichever is higher is defined 
as the matching mark of the 0-th ridge structure. 
[0095] Similarly, the matching process is performed 
on the n-th vicinal feature point. When there are a plu- 
25 rality of combinations to be checked, the matching 
marks are computed for all combinations, and the larg- 
est value is defined as the matching mark of the n-th vic- 
inal feature point. 

[0096] It is determined whether or not target feature 
30 points match each other by total marks as in the first 
matching method. 

[0097] According to the second embodiment, the 
feature point matching process is performed also using 
the number of ridges. The second embodiment is real- 

35 ized by combining the feature point matching method 
based on the number of ridges with the first matching 
method. When the n-th related (vicinal) feature point 
matching process is performed, the feature points are 
matched with each other in each method. If a matching 

40 result is output in either of the methods, it is determined 
that the ridge structures of the n-th ridges match each 
other. Although one piece of the relation information on 
the two vicinal feature points cannot be detected, the 
feature point matching process can be successfully per- 

45 formed. This is effective when the ridge structure of a 
fingerprint cannot be partially detected. 
[0098] FIG. 1 1 is a block diagram of the functions of 
the apparatus for realizing the first and second embodi- 
ments of the fingerprint matching method. 

so [0099] A fingerprint scanner 1 3 is a fingerprint input 
device for measuring the pattern of a fingerprint as an 
image. An image storage unit 10 is a storage device for 
storing a fingerprint image being treated in an image 
process. An image binarization unit 12 converts a multi- 

55 value intensity level fingerprint image into a binary 
intensity level fingerprint image, and is well-known by 
one of ordinary skill in the art. An image thinning unit 1 1 
extracts the core line of a ridge from the binarized fin- 
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gerprint image. A feature point extraction unit 15 
extracts a fingerprint feature point from a thinned finger- 
print image. A feature point information extraction unit 

1 6 detects each piece of feature point information (posi- 
tion, type, and direction) about a feature point from a 
thinned image, and the direction of a feature point is 
detected based on the definition described by referring 
to FIG. 1. A primary relation information extraction unit 

1 7 extracts the primary related feature point of each fea- 
ture point from a thinned image. A fingerprint center 
position detection unit 14 detects the center position of 
a fingerprint. A fingerprint information storage unit 18 
stores the obtained feature point information, the rela- 
tion information, and the fingerprint center position as 
one piece of fingerprint information. A registered finger- 
print information storage unit 20 stores preliminarily reg- 
istered fingerprint information as a database. A 
fingerprint matching unit 19 checks two pieces of finger- 
print information, and determines whether or not they 
match each other. A matching result display unit 21 dis- 
plays a matching result. 

[0100] Each of the above mentioned units is 
described below in detail in order of operation proce- 
dure. 

[0101] FIG. 1 2 is a flowchart of the operation proce- 
dure of the apparatus shown in FIG. 11. 
[0102] First, the fingerprint scanner 13 collects a 
multivalue fingerprint image (step S40). The collected 
multivalue fingerprint image is stored in the image stor- 
age unit 10. The image binarization unit 12 binarizes the 
multivalue fingerprint image (step S41), and stores it in 
the image storage unit 10 again. The image thinning 
unit 11 performs a thinning process to obtain the core 
line of a fingerprint ridge from the binarized fingerprint 
image. The thinned fingerprint image is stored in the 
image storage unit 10 again. The fingerprint center 
position detection unit 14 detects the center of the fin- 
gerprint from the multivalue image, the binarized image, 
etc. (step S42). The method of detecting a fingerprint 
center can be any of various well-known conventional 
methods. 

[0103] The feature point extraction unit 15 extracts 
the feature point position of the fingerprint from the 
thinned fingerprint image (step S43). The feature point 
information extraction unit 16 detects the feature point 
information about the position, the type, and the direc- 
tion of the feature point from the feature point position 
and the thinned image (step S44). The primary relation 
information extraction unit 1 7 extracts a primary related 
feature point from the feature point position and the 
thinned image, and the relation information is detected 
(step S45). 

[0104] The fingerprint information storage unit 18 
obtains one piece of fingerprint information from the col- 
lected fingerprint center position, the feature point infor- 
mation, and the primary relation information, and stores 
the fingerprint information (step S46). The registered 
fingerprint information storage unit 20 stores a data- 



base in which preliminarily measured fingerprint infor- 
mation is registered. 

[01 05] The fingerprint matching unit 1 9 matches the 
generated fingerprint information with the preliminarily 
5 registered specific fingerprint information (step S47). It 
is determined whether or not the fingerprints match 
each other by matching corresponding feature points as 
described above. 

[0106] Described below in detail is the matching 
io procedure. Hereinafter, the registered fingerprint infor- 
mation is referred to a registered fingerprint, and the fin- 
gerprint to be checked for a match to the registered 
fingerprint is referred to as an input fingerprint. 
[0107] First, the registered fingerprint and a finger- 
15 print to be checked are aligned. The position of the fin- 
gerprint image depends on each case of taking a 
fingerprint image. Therefore, the feature point positions 
cannot be checked unless a common coordinate axis 
can be set between the registered fingerprint and the 
20 input fingerprint As a common coordinate axis, for 
example, a coordinate axis having the center of a finger- 
print as an origin is set Otherwise, a common coordi- 
nate axis can be set by defining a specified feature point 
as an origin. 

25 [0108] Then, the matching process is performed 
according to the first embodiment of the above men- 
tioned feature point matching method on each feature 
point 

[0109] The feature point matching process is per- 
30 formed on all combinations of feature points between a 
registered fingerprint and feature point information. The 
procedure of the feature point matching process is 
described below. 



[01 10] A combination of a feature point of the regis- 
tered fingerprint and a feature point of the input finger- 
print is selected. 

40 

Step 2 

[0111] When the feature point coordinates of the 
registered fingerprint and the feature point coordinates 
45 of the input fingerprint do not match within a predeter- 
mined range, it is determined that the two feature points 
do not match, and control is returned to step 1 . 

Step 3 

50 

[0112] A combination of two feature points are 
checked in the above mentioned first feature point 
matching method, and a matching mark is computed. 
When the matching mark exceeds a predetermined 
55 value, it is determined that the feature points match 
each other. Then, control is returned to step S1 , and a 
feature point matching process is performed on another 
combination of feature points. When matching feature 
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points are detected, they are not checked again in the 
matching process. 

[0113] In the above mentioned procedure, ail fea- 
ture points are checked to see if matching feature points 
exist When the number of matching feature points 5 
finally exceeds a predetermined value, it is determined 
that the registered fingerprint matches the input finger- 
print. In addition, the method of determining matching 
fingerprints can be to determine them when the ratio of 
the number of feature points determined as matching 
each otherto the total number of feature points exceeds 
a predetermined value, or when the total score of fea- 
ture point matching scores exceeds a predetermined 
value. 

[01 14] Then, in step S48, the matching result is dis- 
played, and the process terminates. 
[0115] Then, according to the third embodiment of 
the feature point matching method, the matching proc- 
ess is performed using a virtual feature point. The basic 
matching method is the same as the first embodiment of 
the feature point matching method. 
[0116] Before collecting the relation information 
about a target feature point, a virtual feature point is set 
on an fingerprint image. In this example, it is defined 
that the virtual feature point is the position from which 
an existing feature point is projected onto adjacent 
ridges. The projecting method can be to define as a vir- 
tual feature point the crossing point of the perpendicular 
to a ridge from a feature point and the adjacent ridge. 
However, it is not necessary to always draw a line per- 
pendicular to the ridge, as a diagonal line will do. Other- 
wise, in quite a different method, a virtual feature point 
can be set on the adjacent ridge. That is, a correspond- 
ing virtual feature point can be provided in the adjacent 
ridge. 

[0117] FIG. 13 shows an example of a virtual fea- 
ture point (projected feature point). 
[0118] The identifier of the virtual feature point 
should match the identifier of the projected-from feature 
point. That is, the projected-from feature point informa- 
tion is used as the feature point information of the virtual 
feature point. 

[0119] The target feature point shown in FIG. 13 
has the following relation information. In addition, it has 
the virtual feature point information at another position 
of the fingerprint data. 

[0120] The 0-th ridge is connected to the virtual fea- 
ture point ID 9. 

[0121] The first ridge is connected to the virtual fea- 
ture point ID 12. 

[0122] The second ridge is connected to the virtual 
feature point ID 8. 

[0123] The minus first ridge is connected to the vir- 
tual feature point ID 13. 

[0124] The minus second ridge is connected to the 
virtual feature point ID 12. 

[0125] FIG. 15 shows an example of the type of 
data structure. 



[0126] As shown in FIG. 15, the position, type, and 
direction are registered for the target feature point ID 1 1 . 
Furthermore, the number of existing virtual feature 
points in the m-th (m is an integer) ridge is registered. 
[0127] The target feature point matching process is 
performed as in the first embodiment The only differ- 
ence here is that a feature point matching process is 
performed on a virtual feature point in the present 
embodiment while the process is performed on the 
existing vicinal feature point according to the first 
embodiment 

[0128] The virtual feature point matching process is 
performed on a projected-from feature point. For exam- 
ple, in FIG. 13, when the virtual feature point ID 12 is 
checked, it is matched with the actual feature point ID 
12. If a matching result is output, then it is determined 
that the virtual feature point ID 12 is a matching point. 
[0129] Other matching procedures are the same as 
those according to the first embodiment. 
[01 30] That is, when FIG. 1 3 shows a registered fin- 
gerprint, and FIG. 14 shows an input fingerprint, a tar- 
get feature point to be checked is determined first. It is 
the feature point ID 1 1 in FIG. 13, and the feature point 
ID 5 in FIG. 14. Then, it is checked in FIGS. 13 and 14 
which virtual feature point is contained in the n-th ridge 
near the target feature point. For example, in FIGS. 13 
and 14, the target feature points ID 1 1 and ID 5 have, as 
relation information, the virtual feature points existing in 
the ridges at the closest points respectively from the tar- 
get feature points ID 11 and ID 5. In FIGS. 13 and 14, 
the length of a ridge from the crossing point between the 
straight line perpendicular to the ridge from the target 
feature point and the ridge to the virtual feature point is 
checked, and the virtual feature point having the short- 
est ridge line is adopted. 

[0131] Then, the position, type, and direction of the 
ID 9 (FIG. 13) and the ID 2 (FIG. 14) in the 0-th ridges 
are checked, and the 0-th ridge is checked for matching. 
The process is sequentially performed on the first ridge, 
second ridge, .... 

[0132] Thus, by performing the matching process 
using a virtual feature point, a correct matching result 
can be obtained because the process is performed 
based on the relation to the vicinal ridges even if the col- 
lection environments are different between a registered 
fingerprint and a fingerprint to be checked, and the 
ridges are distorted and changed slightly. According to 
the above mentioned embodiment, only one virtual fea- 
ture point is selected for each ridge. However, the 
number of selected virtual feature points is not limited, 
but two, three, or a different number of virtual feature 
points can be selected for each ridge and checked for 
matching. 

[0133] The fingerprint matching method according 
to the third embodiment can be used with the process 
procedure according to the first embodiment as is 
except a matching process to be performed on the ridge 
structure by setting and using a virtual feature point. 
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Therefore, detailed descriptions are omitted here. 
According to the third embodiment, a matching process 
can be performed with higher precision by using the first 
and second embodiments in combination. An example 
of the combinational use is described below by referring 5 
to the fourth embodiment. 

[01 34] Described below is the fourth embodiment of 
the feature point matching method according to the 
present invention. 

[0135] In the fourth embodiment of the feature point 10 
matching method according to the present invention, 
the feature point matching process can be correctly per- 
formed even if the type of vicinal feature point has been 
changed. 

[0136] When a fingerprint image is read by a finger- 15 
print scanner, the type of feature point depends on the 
state of the finger skin or the pressure of the finger. For 
example, a feature point is measured and output as an 
ending point when the finger softly touches the finger- 
print scanner, but it can be measured and output as a 20 
bifurcation point when the finger strongly presses the 
fingerprint scanner. 

[0137] According to the fourth embodiment, the 
matching process is performed by assuming that the 
type of feature point has been changed. Therefore, 25 
under such a type changing condition, the feature point 
matching process can be correctly performed. 
[0138] The fourth embodiment is realized by combi- 
national use with the first and third embodiments. 
[0139] Hereinafter, a feature point and a virtual fea- 30 
ture point connected to the n-th ridge is respectively 
referred to as an n-th primary related feature point and 
an n-th secondary related feature point. 
[0140] FIG. 16 shows the fourth embodiment when 
the type of feature point has been changed. 35 
[0141] The type of feature point may be changed 
when a ridge having an ending point as shown in FIG. 
16A touches an adjacent ridge. On the other hand, 
when two touching ridges are disconnected, a bifurca- 
tion point is changed into an ending point 40 
[0142] An ending point is changed into a bifurcation 
point when the ridge having the ending point touches an 
adjacent ridge. Therefore, a bifurcation point appears 
close to the point where the original ending point 
existed. If the directions of the ending point and the 45 
bifurcation point are defined as described by referring to 
FIG. 1, the directions of the ridges of the feature points 
before and after the change are not different. 
[0143] When the type of feature point is changed, 
for example, the 0-th primary related feature point as 50 
shown in FIG. 16B is changed into the 0-th secondary 
related feature point as shown in FIG. 16A. In addition, 
when the primary related feature point shown in FIG. 
1 6A is changed into an ending point, the first secondary 
related feature point appears as shown in FIG. 16B. 55 
That is, when a feature point is changed, a primary 
related feature point is changed into a secondary 
related feature point while a secondary related feature 



point is changed into a primary related feature point in 
the ridge of the same order. In the feature point informa- 
tion, only the type (ending point or bifurcation point) is 
changed when the feature point is changed, but the 
coordinates and the direction hardly change. 
[0144] That is, if a primary related feature point is 
matched with a secondary related feature point, the 
coordinates and the directions match within a predeter- 
mined range, and the types are different, this indicates 
that the feature point types have changed, but their 
locations are the same they initially were. Thus, the fea- 
ture point matching process can be correctly performed 
even if a feature point is changed. 
[0145] FIG. 1 7 shows another example of a change 
in type of feature point. 

[0146] Assume that, as shown in FIG. 17A, the pro- 
jected-from feature point of the 0-th secondary related 
feature point is an ending point, and touches the adja- 
cent ridge as shown in FIG. 17B. In this case, the 
matching process outputs different types because the 
feature points match in position and direction. If the fea- 
ture points completely match each other in position, 
direction, and type, then it is assumed that they are the 
same feature points, However, when they are different 
only in type, it is predicted that the feature point has 
been changed. 

[0147] If it is determined that a feature point has 
been changed as shown in FIGS. 16 and 17, it is 
assumed that the feature point is unstable, and a small 
point is marked in the feature point matching process. 
[0148] An example of the feature point matching 
method is described below by referring to FIGS. 13 and 
14. FIG. 13 shows a preliminarily registered fingerprint 
(registered fingerprint), and FIG. 14 shows a fingerprint 
(input fingerprint) to be checked. 

[0149] As shown in the example of the data struc- 
ture in FIG. 18, the data for the target feature point ID 11 
stores the following information in the case shown in 
FIG. 13 in addition to the position, type, and direction of 
the ID 11 itself. 

[0150] The primary and secondary related feature 
points of the 0-th ridge are respectively the ID 1 0 and 
the ID 9. 

[0151] The primary and secondary related feature 
points of the first ridge are respectively the ID 9 and the 
ID 12. 

[0152] The primary and secondary related feature 
points of the second ridge are respectively the ID 9 and 
the IDS. 

[0153] The primary and secondary related feature 
points of the minus first ridge are respectively the ID 12 
and the ID 13. 

[0154] The primary and secondary related feature 
points of the minus second ridge are respectively the ID 
13 and the ID 12. 

[0155] Similarly, the target feature point ID5 shown 
in FIG. 14 contains the following relation information. 
[0156] The primary and secondary related feature 



11 



21 



EP 1 093 079 A2 



22 



points of the 0-th ridge are respectively the ID 3 and the 
ID 2. 

[0157] The primary and secondary related feature 
points of the first ridge are respectively the ID 2 and the 
ID 4. 5 
[0158] The primary and secondary related feature 
points of the second ridge are respectively the ID 1 and 
the ID 2. 

[0159] There are no primary related feature points 
of the minus first ridge, and the secondary related fea- 
ture point of the minus first ridge is the ID 4. 
[0160] The primary and secondary related feature 
points of the minus second ridge are respectively the ID 
6 and the ID 7. 

[0161] First, the vicinal feature point matching proc- 
esses are performed on the 0-th ridges. 
[0162] As in the method according to the first and 
third embodiments, the matching processes are per- 
formed between primary related feature points and 
between secondary related feature points. In this exam- 
ple, the 0-th vicinal feature point ID 1 0 shown in FIG. 1 3 
is matched with the 0-th vicinal feature point ID 3 shown 
in FIG. 14, and the 0-th vicinal feature point ID 9 shown 
in FIG. 13 is matched with the 0-th vicinal feature point 
ID 2 shown in FIG. 14. Since the primary related feature 
points match each other, and the secondary related fea- 
ture points match each other in the 0-th ridges in this 
case, the matching processes on the 0-th ridges are 
completed. Assuming that one point each is marked for 
each matching result, the matching mark of the 0-th 
ridges is 2. 

[0163] Next, the matching processes are performed 
on the first ridges. 

[0164] The matching processes are performed 
between primary related feature points and between 
secondary related feature points. In this example, the 
primary related feature point ID 9 shown in FIG. 13 is 
matched with the primary related feature point ID 2 
shown in FIG. 14, and the secondary related feature 
point ID 12 shown in FIG. 13 is matched with the sec- 
ondary related feature point ID 2 shown in FIG. 14. In 
the matching process between the primary related fea- 
ture point ID 9 shown in FIG. 13 and the primary related 
feature point ID 2 shown in FIG. 14, the feature points 
match in position and direction, but are different in type. 
Therefore, the matching results indicate that the feature 
point has been changed. As a result, the matching mark 
of the first primary related feature point is set to 0.5. 
Similarly, in the matching process between the second- 
ary related feature point ID 12 shown in FIG. 13 and the 
secondary related feature point ID 4 shown in FIG. 14, 
the feature points match in position and direction, but 
are different in type. Therefore, the matching mark of 
the first secondary related feature point is also set to 
0.5. Thus, the matching mark of the first ridge is a total 
of 1 . 

[0165] Then, the matching processes are per- 
formed on the second ridges. 



[0166] In FIG. 13, the primary and secondary 
related feature points of the second ridge are respec- 
tively the ID 9 and the ID 8. In FIG. 14, the primary and 
secondary related feature points of the second ridge are 
respectively the ID 1 and the ID 2. Therefore, the match- 
ing process between the primary related feature points 
outputs a no n -matching result. Similarly, the matching 
process between the secondary related feature points 
also outputs a non-matching result, Then, assume that 
the feature point has been changed. That is, a matching 
process is performed between the primary related fea- 
ture point and the secondary related feature point. 
[0167] The primary related feature point ID 9 of the 
second ridge shown in FIG. 13 is matched with the sec- 
ondary related feature point ID 2 of the second ridge 
shown in FIG. 14. In the matching process, the feature 
points match in position and direction, but are different 
in type. Since they are different in type, it is determined 
that the feature point has been changed. As a result, the 
matching mark of the primary related feature point of 
the second ridge shown in FIG. 13 is set to 0.5. 
[01 68] Similarly, the secondary related feature point 
ID 8 of the second ridge shown in FIG. 13 is matched 
with the primary related feature point ID 1 of the second 
ridge shown in FIG. 14. Also in this case, the feature 
points match in position and direction, but are different 
in type only. Therefore, it is determined that the feature 
point has been changed. As a result, the matching mark 
of the secondary related feature point of the second 
ridge shown in FIG. 13 is set to 0.5. Thus, the matching 
mark of the second ridge is a total of 1 . 
[0169] Thus, the similar matching processes are 
performed on the ridges of other orders. Finally, the 
matching mark of the target feature point is set as the 
total matching mark of each ridge. If the total matching 
mark exceeds a predetermined value, it is determined 
that the target feature point is matching. 
[0170] Described below is the fifth embodiment of 
the feature point matching method according to the 
present invention. The fifth embodiment is an extension 
of the first through the fourth embodiments. That is, the 
matching performance is improved by adding the 
method described below to the first through the fourth 
embodiments. 

[0171] According to the fifth embodiment, a feature 
point matching process can be correctly performed 
even when a target feature point is changed. 
[0172] By adjusting the orders of ridges, target fea- 
ture points can be matched with each other even when 
they are different in type between the registered finger- 
print and the input fingerprint 

[0173] FIG. 1 9 shows the case in which the type of 
target feature point has been changed. 
[0174] As shown in FIG. 19, when a target feature 
point is changed from an ending point to a bifurcation 
point, or from a bifurcation point to an ending point, the 
order of the ridge containing the primary related feature 
point is shifted by 1 . 
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[0175] For example, as shown in FIG. 19, when the 
target feature point which has been an ending point 
touches the first ridge, the first ridge turns into the 0-th 
ridge. Similarly, the positive order becomes smaller by 
1. On the other hand, when the target feature point 5 
which has been an ending point touches the minus first 
ridge, the minus first ridge turns into the 0-th ridge. 
Thus, the negative order becomes larger by 1 . 
[0176] This concept can be applied to the case in 
which a bifurcation point is changed into an ending 
point. Similarly, it can be applied to the case in which the 
number of ridges is counted. 

[0177] Therefore, when a matching process is per- 
formed on target feature points which are different in 
type, for example, the following steps are followed. 

Step 1 

[0178] Assume that a target feature point which is 
an ending point touches the first ridge, and becomes a 
bifurcation point, and that a target feature point match- 
ing process is performed. That is, the positive order of 
the ridge of a target feature point on the ending point 
side is reduced by 1 , and the matching mark is obtained 
in the method used when the target feature points of the 
same type are processed. 

Step 2 

[0179] Assume that a feature point which is an end- 
ing point has been changed into a bifurcation point after 
it has touched the minus first ridge, and that a target 
feature point matching process is performed. That is, 
the negative order of the ridge is reduced by 1 , and the 
matching mark is obtained in the method used when the 
target feature points of the same type are processed. 

Step 3 

[0180] The larger of the above mentioned two 
matching marks is defined as the final matching mark of 
the target feature point In the method above, if the 
matching mark of the target feature point, then there is 
a strong possibility that the target feature points have 
been changed in the process of taking fingerprint 
images, and the target feature points can be determined 
to be the same feature points although they are different 
in type. The prediction may not be correct In this case, 
a threshold can be strictly set for determination of the 
same feature points. 

[0181] As described above, the process shown by 
the flowchart in FIG. 8 is performed by combining the 
fourth embodiment with the first embodiment. 
[0182] FIGS. 20 through 24 are flowcharts of the 
processes according to the embodiments shown in 
FIGS. 4 and 5. 

[0183] FIG. 20 is a flowchart of the main process. 
[01 84] First, in step S50, it is determined whether or 



not the target feature point A matches the target feature 
point B in type. 

[0185] When they are different from each other in 
type, control is passed to the process shown in FIG. 23. 
When they match in type, then control is passed to step 
S51, and it is determined whether or not the type of the 
feature points A and B refers to an ending point If the 
type refers to an ending point, then control is passed to 
step S52, the image storage unit 10 is invoked, and the 
return value of the subroutine is added as a matching 
mark. When the addition is performed on the ridges of 
all orders, control is passed to step S55. 
[01 86] If it is determined in step S51 that the type of 
the feature points A and B is not an ending point, then 
the marks are added up by the subroutine 10 for the 
ridges other than the 0-th ridges in step S53, the marks 
are added up for the 0-th ridges by the subroutine 1 1 , 
and control is passed to step S55. 
[0187] It is determined in step S55 whether or not 
the total mark is larger than a threshold. If it is larger 
than the threshold, then it is determined in step S56 that 
the feature points A and B match each other. If it is 
determined in step S55 that the total mark is equal to or 
smaller than the threshold, then it is determined that the 
feature points A and B do not match each other (step 
S57), thereby terminating the process. 
[0188] FIGS. 21 and 22 are flowcharts of the proc- 
ess of the subroutine 10. 

[01 89] In step S58, the variable for setting a mark is 
initialized to 0. Then, it is determined in step S59 
whether or not the feature points A and B match in posi- 
tion and direction of the D-th primary related feature 
point If they match each other, it is determined in step 
S62. If YES in step S62, then one point is added to the 
mark S, and control is passed to step S65. If it is deter- 
mined in step S62 that they don't match in type, then 0.5 
point is added to the mark, and control is passed to step 
S65. 

[0190] If it is determined in step S59 that the feature 
points A and B do not match in position and direction of 
the D-th primary related feature point, then control is 
passed to step S60, and it is determined whether or not 
the feature points A and B match in position and direc- 
tion of the secondary related feature point If they do not 
match, then control is passed to step S65. If it is deter- 
mined in step S60 that they match in position and direc- 
tion, then it is determined in step S61 whether or not the 
feature points A and B match in type of the secondary 
related feature point If YES, then control is passed to 
step S65 shown in FiG. 22. If NO, then control is passed 
to step S63, 0.5 point is added to the mark, and control 
is passed to step S65 shown in FIG. 22. 
[0191] In step S65, it is determined whether or not 
the feature points A and B match in position and direc- 
tion of the D-th secondary related feature point If YES, 
then it is determined in step S68 whether or not the fea- 
ture points A and B match in type of the D-th secondary 
related feature point If YES, then one point is added to 
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the mark, and control is passed to step S71 . If NO in 
step S68, then 0.5 point is added to the mark in step 
S69, and control is passed to step S71 . 
[0192] If it is determined in step S65 that the feature 
points A and B do not match in position and direction of 5 
the D-th secondary related feature point, then control is 
passed to step S66, and it is determined whether or not 
the feature points A and B match in position and direc- 
tion of the primary related feature point. If they do not 
match, then control is passed to step S71 . If they match, 
then it is determined in step S67 whether or not the sec- 
ondary related feature point of the feature point A 
matches the primary related feature point of the feature 
point B match in type. If it is determined in step S67 that 
they do not match in type, then 0.5 point is added to the 
mark in step S69, and control is passed to step S71 . If it 
is determined that they match in type in step S67, then 
control is passed to step S71 . In step S71 , the mark S 
obtained in the processes above is used as a return 
value, and control is returned to the main process. 
[0193] FIG. 23 is a flowchart of the process of the 
subroutine 1 1 . 

[0194] When the subroutine 1 1 is invoked, combi- 
nations (no overlapping) of the 0-th ridges (3: in this 
case, the feature point is a bifurcation point) of the fea- 
ture point A and the feature point B are listed (H1 
through Hn). In step S73, a combination Hi of the 0-th 
ridges is fetched. In step S74, a mark is computed by 
the subroutine 10 for the combination of ridges con- 
tained in the combination Hi of the 0-th ridges with the D 
set to 0. The sum of the marks is substituted for the var- 
iable Si. Then, it is determined in step S75 whether or 
not the computation has been completed for all combi- 
nations. If not, control is returned to step S73, and the 
computation is performed on other combinations. If it is 
determined in step S75 that the computation is com- 
pleted for all combinations, then control is passed to 
step S76, the largest value in the marks Si obtained 
from the plurality of combinations is set as the mark S, 
and the return value is set as the mark S in step S77, 
thereby returning to the main process. 
[0195] FIG. 24 is a flowchart of the process per- 
formed when it is determined in step S50 that the fea- 
ture points A and B do not match in type. 
[01 96] In step S78, the positive orders of the related 
feature points as ending points are reduced by 1 in the 
feature points A and B. Then, in step S79, the mark S1 
is obtained by the subroutine 10 for the ridges other 
than the 0-th ridges. Then, in step S80, the mark is 
obtained by the subroutine 1 1 for the 0-th ridges, and 
the result is added to the S1 to obtain a total mark of S1 . 
[0197] Then, in step S81, the orders of the relation 
information about the feature points A and B are 
returned to the original values. In step S82, the negative 
orders of the related feature points as ending points in 
the feature points A and B are incremented by 1 . 
[0198] Then, in step S83, the mark S2 is computed 
by the subroutine 10 for the ridges other than the 0-th 



ridges. Then, in step S84, the mark is computed by the 
subroutine 11 for the 0-th ridges, and the result is added 
to the previously obtained mark S2. In step S85, the 
orders of the relation information about the feature 
points A and B are returned to the original values. In 
step S86, the mark S1 or S2 whichever is larger is set 
as a total mark S, and control is passed to step S55. 
[0199] FIGS. 25 and 26 show chain matching proc- 
esses. 

[0200] In the above mentioned embodiment, the 
positions of two feature points fundamentally close to 
each other are compared with each other, and a feature 
point matching process is performed. Therefore, the 
feature point matching process is performed by compar- 
ing only local portions of the registered fingerprint and 
the input fingerprint. As a result, similar ridge structures 
in a local portion can be mistakenly recognized in the 
fingerprint matching process. To prevent this, the rela- 
tion information matching process should be performed 
not on a local portion, but on a global area. To realize 
this, the feature points connected through relation infor- 
mation should match each other. When the matching 
feature points occur in a chain form, the matching mark 
is set to a large value. When the matching feature points 
occur in a chain form, a large value of a matching mark 
can be obtained by highly evaluating the matching result 
of ridge structures in a global area. 
[0201] Described below in detail is the above men- 
tioned process. 

[0202] Some matching feature points can be 
detected even when two different fingerprints are 
checked. Therefore, it is necessary to set a threshold in 
determining whether or not two fingerprints match each 
other, and the trade-off between erroneous rejection 
and erroneous authentication. Erroneous authentication 
refers to satisfying a matching determination condition 
for different fingerprints which share some matching 
feature points. 

[0203] When a feature point matching result is 
observed in the case where the erroneous authentica- 
tion occurs, matching feature points are located apart in 
many cases. For example, assume that two feature 
points match each other when two n-th ridges are 
matched with each other in the embodiment according 
to the present invention. If the fingerprints result in the 
erroneous authentication, the matching portions of the 
target feature points are locally located, thereby satisfy- 
ing a matching condition (FIG. 25 schematically shows 
this). 

[0204] It is natural that the vicinal feature points 
around the matching feature points also match each 
other in the same fingerprints because it can be 
assumed that a feature point matching a feature point to 
be checked indicates a correct fingerprint image in the 
locaJ area, thereby implying correct extraction of a vici- 
nal feature point (FIG. 26 schematically shows this). 
[0205] Therefore, to suppress the above mentioned 
erroneous authentication, it is checked whether or not a 
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group of matching feature points appear. It is deter- 
mined that a group of matching feature points appear by 
checking whether or not the matching feature points are 
connected through ridges. 

[0206] FIG. 27 is a flowchart of the process of 5 
checking whether or not fingerprints match in a chain 
form as described above in the sixth embodiment of the 
present invention. 

[0207] The flowchart in FIG. 27 shows an example 
of computing two rings of chain. In the fingerprint io 
matching determination shown in FIG. 27, the number 
of matching fingerprints is not counted, but it is deter- 
mined whether or not the total mark of matching feature 
points exceeds a matching determination threshold. 
The method of determining a matching result is not lim- 15 
ited to the method shown in FIG. 27. 
[0208] In step S90, the matching marks of all fea- 
ture points are computed. Then, in step S91, one fea- 
ture point is selected from among matching feature 
points to concentrate the matching process on one tar- 20 
get feature point. In step S92, the number (n:n is a pos- 
itive number) of matching feature points in the related 
feature points of the selected feature point is counted. 
Then, in step S93, in the matching related feature 
points, the number (m:m is a positive number) of match- 25 
ing feature points of the related feature points is 
counted. In step S94, the matching mark of a target fea- 
ture point is increased depending on the value of n and 
m. For example, it is multiplied by (1 + 0.1 n + 0.2m). It is 
determined n step S95 whether or not the computation 30 
has been completed for al! feature points. If not, control 
is returned to step S91, and the computation is per- 
formed on the feature points for which the computation 
has not yet been performed. If "rt is determined in step 
S95 that the computation has been completed for ail 35 
feature points, then the matching marks are obtained for 
all feature points in step S96, and it is determined in 
step S97 whether or not the total matching mark of fea- 
ture points is larger than a predetermined threshold. If 
the total mark is equal to or smaller than the threshold, 40 
then it is determined in step S99 that the fingerprints do 
not match each other. 

[0209] FIG. 28 shows the seventh embodiment of 
the present invention. 

[0210] The relation information of a target feature 45 
point is listed below based on the example shown in 
FIG. 28. 



cation point. 
2) 

The vicinal feature point B ... 

thus, similar information described in 1) 
above is obtained about each vicinal feature point. 

When vicinal feature points are matched with 
each other, their relation information is matched 
with each other. That is, if the order of the ridge is 
equal to the number of ridges to a connected fea- 
ture point and the forms of the connected feature 
points match each other when vicinal feature points 
are matched with each other, then it is determined 
that the ridge structures to the vicinal feature points 
match. It is determined that target feature points 
match each other when the number of vicinal fea- 
ture points exceeds a predetermined value. 

[0211] According to the seventh embodiment, the 
number of feature points in an area enclosed by the dot- 
ted line shown in FIG. 28 and the fourth ridge is con- 
firmed. Thus, the order of ridges, the number of ridges, 
and the form of a feature point are fixed even when the 
deformation or the rotation of a fingerprint changes, 
thereby stabilizing the matching process. That is, the 
matching process can be correctly performed against 
the deformation of a fingerprint depending on the pres- 
sure of the finger when it is pressed onto a scanner. 
[0212] According to the present embodiment, the 
number of ridges between a connected feature point 
and a target feature point can be counted in various 
methods. They can be counted by the counting method 
of the above mentioned embodiment, the method of 
including the ridge containing a connected feature point, 
the method of counting both ridges containing a con- 
nected feature point and a target feature point, the 
method of counting the ridge containing a target feature 
point, but not counting the ridge containing a connected 
feature point, etc. The matching performance can be 
improved when the vicinal feature point matching 
method according to the seventh embodiment is com- 
bined with the methods according to the first through the 
fifth embodiments. 

[021 3] FIG . 29 is a block diagram of the functions of 
the device for realizing the third through the seventh 
embodiments of the present invention. 
[0214] In FIG. 29, the components also shown in 
FIG. 11 are assigned the same numbers as those 
assigned in FIG. 11, and the detailed explanation is 
omitted here. 

[0215] With the configuration shown in FIG. 29, a 
virtual feature point generation unit 30 is provided in 
addition to the configuration shown in FIG. 1 1, and the 
primary relation information extraction unit is replaced 
with a primary/secondary relation information extraction 
unit 31. The fingerprint matching unit 19a realizes a 
matching method described above in the third through 
the sixth embodiments. The virtual feature point gener- 
ation unit 30 generates a virtual feature point from the 



1) The vicinal feature point A is connected to the 
fourth ridge. so 

There are two ridges between the vicinal fea- 
ture point A (also referred to as a connected feature 
point because it is connected to the fourth ridge) 
and the target feature point (the number of ridges 
between the vicinal feature point and the target fea- 55 
ture point is detected from the fingerprint images in 
the above mentioned embodiment). 

The type of a connected feature point is a bif ur- 
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input thinned fingerprint image and the information 
about a feature point extracted by the feature point 
extraction unit 15. In addition, the primary/secondary 
relation information extraction unit 31 determines the 
primary/secondary relation between feature points 5 
according to the thinned fingerprint image and the infor- 
mation about the virtual feature point 
[021 6] FIG. 30 is a flowchart of the operation proce- 
dure of the apparatus shown in FIG. 29. 
[0217] First, the fingerprint scanner 13 collects a io 
murtivalue fingerprint image (step S110). The collected 
murtivalue fingerprint image is stored in the image stor- 
age unit 1 0. The image binarization unit 12 binarizes the 
murtivalue fingerprint image (step S1 1 1), and stores the 
result in the image storage unit 10 again. The image 15 
thinning unit 11 performs a thinning process to obtain 
the core of a fingerprint ridge from the binarized finger- 
print image. The thinned fingerprint image is stored in 
the image storage unit 10. The fingerprint center posi- 
tion detection unit 14 detects the center of a fingerprint 20 
from a murtivalue image, a binarized image, etc. (step 
S1 12). The method of detecting the center of a finger- 
print can be selected from various conventional meth- 
ods as described above. 

[0218] The feature point extraction unit 15 extracts 25 
the position of a feature point of a fingerprint from a 
thinned fingerprint image (step S1 13). The feature point 
information extraction unit 16 detects the feature point 
information about the position, type, and direction of the 
feature point from the position of the feature point and 30 
the thinned image (step S1 14). The virtual feature point 
generation unit 30 generates the vicinal feature point 
from the feature point information and the thinned fin- 
gerprint image (step S115). The primary/secondary 
relation information extraction unit 31 extracts the pri- 35 
mary/secondary relation between the feature point and 
the virtual feature point from the feature point informa- 
tion and the thinned image, and stores the primary/sec- 
ondary relation information in the feature point 
information (step S11 6). 40 
[0219] The fingerprint information storage unit 18 
stores fingerprint information including the collected 
position of the center of the fingerprint, the feature point 
information, and the primary/secondary relation infor- 
mation (step S1 17). The registered fingerprint informa- 45 
tion storage unit 20 is a database in which preliminarily 
measured fingerprint information has been stored. 
[0220] The fingerprint matching unit 19a matches 
generated fingerprint information with the preliminarily 
registered specific fingerprint (step S118). The match- so 
ing method can be any of the methods according to the 
third through the seventh embodiments described 
above. 

[0221] Assuming that registered fingerprint infor- 
mation is referred to as a registered fingerprint, and a 55 
fingerprint to be checked as to whether it matches the 
registered fingerprint is referred to as an input finger- 
print, the registered fingerprint and the fingerprint to be 



checked are aligned first as described above by refer- 
ring to FIG. 12. The position of the fingerprint in the fin- 
gerprint image depends on each time when a fingerprint 
image is taken. Therefore, the positions of the feature 
points cannot be matched with each other unless the 
coordinate axis common between the registered finger- 
print and the input fingerprint is set. As a common coor- 
dinate axis, for example, a coordinate axis having the 
center of the fingerprint as its origin. Otherwise, a com- 
mon coordinate axis can be set by using a specific fea- 
ture point as an origin. 

[0222] Then the subsequent processes are per- 
formed by appropriately combining the matching meth- 
ods described in the third through the seventh 
embodiments. Since the matching methods according 
to the third through the seventh embodiments have 
been described above, the explanation is omitted here. 
[0223] The process terminates in step S119 after 
displaying the matching result. 

[0224] FIG. 31 shows an example of the hardware 
configuration required when the present embodiment is 
realized by a program. 

[0225] The process of the above mentioned 
embodiment can be realized by a program operating in 
a general purpose computer 51. In this case, the gen- 
eral purpose computer 51 can be realized by devices, 
connected to a CPU 40 through a bus 41, mutually 
exchanging data with one another. A BIOS, etc. is incor- 
porated into ROM 42 to exchange data with an 
input/output device 50, etc. When the general purpose 
computer 51 is used as an exclusive fingerprint match- 
ing device, the CPU 40 can have a program in the ROM 
42. The input/output device 50 normally comprises a 
keyboard, a mouse, a display, etc., but a scanner for 
capturing a fingerprint image is required when a finger- 
print matching process is performed. 
[0226] Normally, the program can be stored in a 
storage device 47 such as a hard disk, etc., loaded into 
the RAM 43 at an instruction of the CPU 40 as neces- 
sary, and executed by the CPU 40. Otherwise, the pro- 
gram can be stored from the portable storage medium 
49 (CD-ROM, diskette, DVD, etc,.) into the storage 
device 47, read from the storage device 47 to RAM 43, 
and executed by the CPU 40. 

[0227] In an environment in which a computer net- 
work such as the Internet, etc. is available, a program 
can be placed on the network 45 through a communica- 
tions interface 44, and can be downloaded from an 
information provider 46 for execution. Otherwise, as in a 
LAN, etc., when the information provider 46 functions as 
a server of a LAN, the CPU 40 can execute a program 
in a network environment without downloading the pro- 
gram directly from the information provider 46. In addi- 
tion, data about a fingerprint can be transmitted to and 
processed by the information provider 46, and the gen- 
eral purpose computer 51 may just receive the result. 
[0228] A plurality of input/output devices 50 (espe- 
cially a device for reading a fingerprint image) can be 
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provided at several positions where a fingerprint match- 
ing process is to be performed, and the matching proc- 
ess is performed by the general purpose computer 51 
provided centrally. 

[0229] A network of feature points connected s 
through ridges remains unchanged in structure even 
when a fingerprint deforms, becomes expanded or con- 
tracted, or is partly missing. Therefore, according to the 
present invention, high matching performance can be 
obtained using the ridge structure of fingerprints and w 
the positions of feature points. 

Claims 

1. An apparatus comparing an obtained first finger- 15 
print with a previously-registered second finger- 
print, and determining whether or not the 
fingerprints match each other, comprising: 

ridge relation obtaining means (10, 1 1, 12, 13, 20 
14,15, 16, 17, 18) for obtaining a relation of a 
ridge containing a vicinal feature point near a 
feature point to be checked in a matching proc- 
ess performed on the first and the second fin- 
gerprints to the ridge containing the feature 25 
point to be checked in the matching process; 
and 

matching means (1 9) for performing the match- 
ing process by searching the second finger- 
print containing the vicinal feature point near 30 
the feature point to be checked in the matching 
process for the relation of the ridge containing 
the vicinal feature point to the ridge containing 
the feature point in the first feature point to be 
checked in the matching process. 35 

2. The apparatus according to claim 1 , wherein 

said information about the feature point has a 
format comprising an identifier assigned to 40 
each feature point and corresponding feature 
information about the feature point. 

3. The apparatus according to daim 1 or 2, wherein 

45 

when a number of ridges from the feature point 
to be checked to a ridge containing the vicinal 
feature point, and when feature information 
about the vicinal feature points matches in a 
predetermined range, it is determined that fea- so 
ture points to be checked contained in the first 
and the second fingerprints are the same fea- 
ture points. 

4. The apparatus according to claim 1 or 2, wherein 55 

in said first and second fingerprint, when said 
feature information about the vicinal feature 



points matches in a predetermined range, a 
number of ridges between the feature point to 
be checked and a ridge containing the vicinal 
feature point matches a value obtained by 
counting a number of ridges in an opposite 
direction from the feature point to be checked 
to the vicinal feature point, and a number of 
ridges between the feature point to be checked 
and a ridge containing the vicinal feature point 
matches a value obtained by counting a 
number of ridges in a direction from the feature 
point to be checked to the vicinal feature point, 
it is determined that feature points to be 
checked contained in the first and the second 
fingerprints are the same feature points. 

5. The apparatus according to claim 1 or 2, wherein 

when said first and second fingerprints match 
in at least one of position, type, and direction of 
the vicinal feature points, it is determined that 
feature information of feature points to be 
checked contained in the first and the second 
fingerprints are the same feature points. 

6. The apparatus according to any preceding claim, 
wherein 

when said feature points to be checked match 
in position and direction in a predetermined 
range, but are different in type in said first and 
second fingerprints, a resultant matching level 
is low. 

7. The apparatus according to any preceding claim, 
wherein 

when said vicinal feature points match in posi- 
tion and direction in a predetermined range, but 
are different in type in said first and second fin- 
gerprints, a resultant matching level is low. 

8. The apparatus according to any preceding claim, 
wherein 

when said feature points to be checked are dif- 
ferent in type in said first and second finger- 
prints, a matching process is performed by 
changing relation between ridges containing 
the feature points to be checked and ridges 
containing the vicinal feature points. 

9. An apparatus comparing an obtained first finger- 
print with a previously-registered second finger- 
print, and determining whether or not the 
fingerprints match each other, comprising: 

virtual feature point generation means (30) for 
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generating a virtual feature point by referring to 
the first and the second feature points; 
ridge relation obtaining means (10, 11, 12, 13, 
14, 15, 16, 31,18) for obtaining a relation of a 
ridge containing the virtual vicinal feature point 5 
near the feature point to be checked in a 
matching process performed on the first and 
the second fingerprints to the ridge containing 
the feature point to be checked in the matching 
process; and w 
matching means (19a) for performing the 
matching process by searching the second fin- 
gerprint containing the virtual vicinal feature 
point near the feature point to be checked in the 
matching process for the relation of the ridge 75 
containing the virtual vicinal feature point to the 
ridge containing the feature point in the first 
feature point to be checked in the matching 
process. 

20 

10. The apparatus according to claim 9, wherein 

said information about the virtual feature point 
has a format comprising an identifier assigned 
to each virtual feature point and corresponding 25 
feature information about the virtual feature 
point 

11. The apparatus according to claim 9 or 10, wherein 

30 

when a number of ridges from the feature point 
to be checked to a ridge containing the virtual 
vicinal feature point, and when feature informa- 
tion about the virtual vicinal feature points 
matches in a predetermined range, it is deter- 35 
mined that feature points to be checked con- 
tained in the first and the second fingerprints 
are the same feature points. 

12. The apparatus according to claim 9 or 10, wherein 40 



13. The apparatus according to claim 9, 10, 1 1 , or 12, so 
wherein 



14. The apparatus according to claim 9,10,11, or 12, 
wherein 

when said virtual vicinal feature points match in 
position and direction in a predetermined 
range, but are different in type in said first and 
second fingerprints, a resultant matching level 
is low. 

15. The apparatus according to claim 9,10,11, or 12, 
wherein 

said virtual feature point is generated by pro- 
jecting an existing feature point to a vicinal 
ridge. 

16. The apparatus according to claim 15, wherein 

feature information about the virtual feature 
point is feature information about a feature 
point from which a virtual feature point is pro- 
jected. 

17. The apparatus according to any of claims 9 to 16, 
wherein 

when said feature points to be checked are dif- 
ferent in type in said first and second finger- 
prints, a matching process is performed by 
changing relation between ridges containing 
the feature points to be checked and ridges 
containing the vicinal feature points. 

18. An apparatus comparing an obtained first finger- 
print with a previously-registered second finger- 
print, and determining whether or not the 
fingerprints match each other, comprising: 

virtual feature point generation means (30) for 
generating a virtual feature point by referring to 
the first and the second feature points; 
ridge relation obtaining means (10, 11, 12, 13, 
14, 15, 16, 31, 18) for obtaining relations of a 
ridge containing a vicinal feature point near a 
feature point, and a ridge containing the virtual 
vicinal point to be checked in a matching proc- 
ess performed on the first and the second fin- 
gerprints to the ridge containing the feature 
point to be checked in the matching process; 
and 

matching means (19a) for performing the 
matching process by searching the second fin- 
gerprint containing the vicinal feature point 
near the feature point to be checked in the 
matching process for the relation of the ridge 
containing the vicinal feature point to the ridge 
containing the feature point in the first feature 
point to be checked in the matching process, 



when said feature points to be checked match 
in position and direction in a predetermined 
range, but are different in type in said first and 55 
second fingerprints, a resultant matching level 
is low. 



25 



when said first and second fingerprints match 
in at least one of position, type, and direction of 
the virtual vicinal feature points, it is deter- 
mined that feature information of feature points 45 
to be checked contained in the first and the 
second fingerprints are the same feature 
points. 
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checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature 
point to the ridge containing the feature point in 
the first feature point to be checked in the 
5 matching process. 



and performing the matching process by 
searching the second fingerprint containing the 
virtual vicinal feature point near the feature 
point to be checked in the matching process for 
the relation of the ridge containing the virtual 
vicinal feature point to the ridge containing the 
feature point in the first feature point to be 
checked in the matching process, thereby 
determining whether or not the feature point to 
be checked is matching. 

19. The apparatus according to claim 18, wherein 

when said feature point to be checked matches 
in position and direction in said first and second 
fingerprints in a predetermined range, but does 
not match in type, evaluation of a matching 
result is set low. 

20. The apparatus according to claim 1 8 or 1 9, wherein 

when said vicinal feature point or said virtual 
feature point matches in position and direction 
in a predetermined range in the first and sec- 
ond fingerprints, but does not match in type, 
evaluation of a matching resutt is set low. 

21. The apparatus according to claim 20, wherein 

a matching process is performed on a combi- 
nation of the vicinal feature point of said first 
and second fingerprint and the virtual feature 
point. 

22. The apparatus according to claim 18,19,20 or 21, 
wherein 

when said first and second fingerprints match 
in feature points to be checked and said vicinal 
feature points match several times for the fea- 
ture points to be checked, evaluation of a 
matching result is enhanced depending on a 
number of matching results. 

23. A method for comparing an obtained first fingerprint 
with a previously- registered second fingerprint, and 
determining whether or not the fingerprints match 
each other, comprising the steps of: 

(a) obtaining relation of a ridge containing a 
vicinal feature point near a feature point to be 
checked in a matching process performed on 
the first and the second fingerprints to the ridge 
containing a feature point to be checked in the 
matching process; and 

(b) performing the matching process by 
searching the second fingerprint containing the 
vicinal feature point near the feature point to be 



24. The method according to claim 23, wherein 

said information about the feature point has a 
10 format comprising an identifier assigned to 

each feature point and corresponding feature 
information about the feature point. 

25. The method according to claim 23 or 24, wherein 

15 

when a number of ridges from the feature point 
to be checked to a ridge containing the vicinal 
feature point, and when feature information 
about the vicinal feature points matches in a 
20 predetermined range, it is determined that fea- 

ture points to be checked contained in the first 
and the second fingerprints are the same fea- 
ture points. 

25 26. The method according to claim 23 or 24, wherein 

in said first and second fingerprint, when said 
feature information about the vicinal feature 
points matches in a predetermined range, a 
30 number of ridges between the feature point to 

be checked and a ridge containing the vicinal 
feature point matches a value obtained by 
counting a number of ridges in an opposite 
direction from the feature point to be checked 
35 to the vicinal feature point, and a number of 

ridges between the feature point to be checked 
and a ridge containing the vicinal feature point 
matches a value obtained by counting a 
number of ridges in a direction from the feature 
ao point to be checked to the vicinal feature point, 

it is determined that feature points to be 
checked contained in the first and the second 
fingerprints are the same feature points. 

45 27. The method according to claim 23 or 24, wherein 

when said first and second fingerprints match 
in at least one of position, type, and direction of 
the vicinal feature points, it is determined that 
so feature information of feature points to be 

checked contained in the first and the second 
fingerprints are the same feature points. 

28. TTie method according to any of daims 23 to 27, 
55 wherein 

when said feature points to be checked match 
in position and direction in a predetermined 
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range, but are different in type in said first and 
second fingerprints, a resultant matching level 
is low. 

29. The method according to any of claims 23 to 28, 
wherein 

when said vicinal feature points match in posi- 
tion and direction in a predetermined range, but 
are different in type in said first and second fin- 
gerprints, a resultant matching level is low. 

30. The method according to any of claims 23 to 29, 
wherein 

when said feature points to be checked are dif- 
ferent in type in said first and second finger- 
prints, a matching process is performed by 
changing relation between ridges containing 
the feature points to be checked and ridges 
containing the vicinal feature points. 

31 . A method for comparing an obtained first fingerprint 
with a previously-registered second fingerprint, and 
determining whether or not the fingerprints match 
each other, comprising the steps of: 

(a) generating a virtual feature point by refer- 
ring to the first and the second feature points; 

(b) obtaining the relation of the ridge containing 
a virtual vicinal feature point near the feature 
point to be checked in a matching process per- 
formed on the first and the second fingerprints 
to the ridge containing the feature point to be 
checked in the matching process; and 

(c) performing the matching process by search- 
ing the second fingerprint containing the virtual 
vicinal feature point near the feature point to be 
checked in the matching process for the rela- 
tion of the ridge containing the virtual vicinal 
feature point to the ridge containing the feature 
point in the first feature point to be checked in 
the matching process. 

32. The method according to claim 31 , wherein 

said information about the virtual feature point 
has a format comprising an identifier assigned 
to each virtual feature point and corresponding 
feature information about the virtual feature 
point 

33. The method according to claim 31 or 32, wherein 

when a number of ridges from the feature point 
to be checked to a ridge containing the virtual 
vicinal feature point, and when feature informa- 
tion about the virtual vicinal feature points 



matches in a predetermined range, it is deter- 
mined that feature points to be checked con- 
tained in the first and the second fingerprints 
are the same feature points. 

5 

34. The method according to claim 31, 32, or 33, 
wherein 

when said first and second fingerprints match 
io in at least one of position, type, and direction of 

the virtual vicinal feature points, it is deter- 
mined that feature information of feature points 
to be checked contained in the first and the 
second fingerprints are the same feature 
15 points. 

35. The method according to claim 31, 32, 33 or 34, 
wherein 

20 when said feature points to be checked match 

in position and direction in a predetermined 
range, but are different in type in said first and 
second fingerprints, a resultant matching level 
is low. 

25 

36. The method according to any of claims 31 to 35, 
wherein 

when said virtual vicinal feature points match in 
30 position and direction in a predetermined 

range, but are different in type in said first and 
second fingerprints, a resultant matching level 
is low. 

35 37. The method according to any of claims 31 to 36, 
wherein 

said virtual feature point is generated by pro- 
jecting an existing feature point to a vicinal 
40 ridge. 

38. The method according to claim 37, wherein 

feature information about the virtual feature 
45 point is feature information about a feature 

point from which a virtual feature point is pro- 
jected. 

39. The method according to claim 37 or 38, wherein 

50 

when said feature points to be checked are dif- 
ferent in type in said first and second finger- 
prints, a matching process is performed by 
changing relation between ridges containing 
55 the feature points to be checked and ridges 

containing the vicinal feature points. 

40. A method for comparing an obtained first fingerprint 
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with a previously-registered second fingerprint, and 
determining whether or not the fingerprints match 
each other, comprising the steps of: 



in feature points to be checked and said vicinal 
feature points match several times for the fea- 
ture points to be checked, evaluation of a 
matching result is enhanced depending on a 
number of matching results. 

45. A program for directing a computer to realize a 
method for comparing an obtained first fingerprint 
with a previously-registered second fingerprint, and 
determining whether or not the fingerprints match 
each other, the method comprising the steps of: 

(a) obtaining a relation of a ridge containing a 
vicinal feature point near a feature point to be 
checked in a matching process performed on 
the first and the second fingerprints to the ridge 
containing a feature point to be checked in the 
matching process; and 

(b) performing the matching process by 
searching the second fingerprint containing the 
vicinal feature point near the feature point to be 
checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature 
point to the ridge containing the feature point in 
the first feature point to be checked in the 
matching process. 

46. A program for directing a computer to realize a 
method for comparing an obtained first fingerprint 
with a previously-registered second fingerprint, and 
determining whether or not the fingerprints match 
each other, the method comprising the steps of: 



(a) generating a virtual feature point by refer- 5 
ring to the first and the second feature points; 

(b) obtaining relations of a ridge containing a 
vicinal feature point near the feature point, and 
a ridge containing a virtual vicinal point to be 
checked in a matching process performed on 10 
the first and the second fingerprints to the ridge 
containing the feature point to be checked in 

the matching process; and 

(c) performing the matching process by search- 
ing the second fingerprint containing the vicinal 15 
feature point near the feature point to be 
checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature 
point to the ridge containing the feature point in 

the first feature point to be checked in the 20 
matching process, and performing the match- 
ing process by searching the second finger- 
print containing the virtual vicinal feature point 
near the feature point to be checked in the 
matching process for the relation of the ridge 25 
containing the virtual vicinal feature point to the 
ridge containing the feature point in the first 
feature point to be checked in the matching 
process, thereby determining whether or not 
the feature point to be checked is matching. 30 

41. The method according to claim 40, wherein 



when said feature point to be checked matches 
in position and direction in said first and second 35 
fingerprints in a predetermined range, but does 
not match in type, evaluation of a matching 
result is set low. 



42. The method according to claim 40 or 41 , wherein ao 



43. The 



nation of the vicinal feature point of said first 
and second fingerprint and the virtual feature 
point. 

44. The method according to any of claims 40 to 43, 55 
wherein 

when said first and second fingerprints match 



(a) generating a virtual feature point by refer- 
ring to the first and the second feature points; 

(b) obtaining the relation of the ridge containing 
a virtual vicinal feature point near the feature 
point to be checked in a matching process per- 
formed on the first and the second fingerprints 
to the ridge containing the feature point to be 
checked in the matching process; and 

(c) performing the matching process by search- 
ing the second fingerprint containing the virtual 
vicinal feature point near the feature point to be 
checked in the matching process for the rela- 
tion of the ridge containing the virtual vicinal 
feature point to the ridge containing the feature 
point in the first feature point to be checked in 
the matching process. 

47. A program for directing a computer to realize a 
method for comparing an obtained first fingerprint 
with a previously-registered second fingerprint, and 
determining whether or not the fingerprints match 
each other, the method comprising the steps of: 

(a) generating a virtual feature point by refer- 
ring to the first and the second feature points; 



when said vicinal feature point or said virtual 
feature point matches in position and direction 
in a predetermined range in the first and sec- 
ond fingerprints, but does not match in type, 45 
evaluation of a matching result is set low. 

method according to claim 42, wherein 

a matching process is performed on a combi- 50 
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(b) obtaining relations of a ridge containing a 
vicinal feature point near the feature point, and 
a ridge containing a virtual vicinal point to be 
checked in a matching process performed on 
the first and the second fingerprints to the ridge 5 
containing the feature point to be checked in 
the matching process; and 

(c) performing the matching process by search- 
ing the second fingerprint containing the vicinal 
feature point near the feature point to be 10 
checked in the matching process for the rela- 
tion of the ridge containing the vicinal feature 
point to the ridge containing the feature point in 

the first feature point to be checked in the 
matching process, and performing the match- 15 
ing process by searching the second finger- 
print containing the virtual vicinal feature point 
near the feature point to be checked in the 
matching process for the relation of the ridge 
containing the virtual vicinal feature point to the 20 
ridge containing the feature point in the first 
feature point to be checked in the matching 
process, thereby determining whether or not 
the feature point to be checked is matching. 

25 

48. A computer- readable storage medium on which is 
recorded the program of claim 45, 46 or 47. 
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